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[VoL. 4, No. 1 species of one ring of four plus one of six. Bhaduri ( 1942) has reported a ring of twelve in G. biennis which is the largest ring known in the genus. He also reports (1941, 1942 ) a ring of six in one plant and two rings of four in another in G. lindheimeri, whereas the collection reported here has two rings of six. With more intensive sampling, complex translocation heterozygosity may prove to be extensive among this group of eastern species, four of which have not been studied cytologically. Three collections of G. sinuata were diploid and a fourth strain of G. sinuata which was growing with G. odorata was tetraploid. Lewis et al. (1958) have also reported a tetraploid count for this species. Lewis recorded four associations of four chromosomes in the tetraploid, and in the tetraploid counted here there were three associations of four and one of eight. Gaura odorata is probably a tetraploid species (the collection reported as diploid in Lewis et al., 1958 , is actually G. suffulta). There were seven associations of four in the plant counted by Lewis and he suggested it to be an autoploid. The two collections given in this paper could not be analyzed exactly, but one had one association of six or eight and at least two of four chromosomes. The other had one of six and probably three of four chromosomes. Though not as strong an indication of autoploidy as the previous one, these configurations would not be inconsistent with such an interpretation. Gaura coccinea includes plants with gametic numbers of 7 (Lewis et al., 1958) , 14 and 21. There is much morphological variation in both the tetraploid and the hexaploid and these levels are not completely separated geographically, as one of the tetraploid plants is from west Texas, where all three levels occur. No morphological characteristics correlating with and differentiating the three chromosomal levels have been found as yet. The exact extent of chromosome association has been hard to determine in the preparations of G. coccinea polyploids. Gaura coccinea is a widespread and highly variable species and as presently constituted probably contains more than one species. Plants with one, two or three small supernumerary chromosomes were found in four of the tetraploid collections. In one, with two supernumeraries, the chromosomes seemed to form a diminutive pair at metaphase I.
Jussiaea. The nine species of the genus for which chromosome counts are reported here all have the basic number eight, and polyploidy seems common and is probably well advanced as indicated by the dodecaploid species, J. peruviana. Of the nine species counted four were diploid, four tetraploid and one dodecaploid. There are no hexaploids known in Jussiaea although three have been found in Ludwigia. There are chromosomal size differences between species of Jussiaea as well as Ludwigia, but these do not seem to be correlated with polyploid level. There are roughly two size categories and both are found in each genus.
Ludwigia. As in Jussiaea the basic number is eight, evidence supporting the recent suggestion (Brenan, 1953; Hara, 1953 ) that the two genera be placed in one. Polyploidy is again evident, for of the ten species counted four were diploid, three tetraploid and three hexaploid. There was no indication of translocation heterozygosity in either Ludwigia or Jussiaea.
Lopezia. The two counts of ten pairs of chromosomes for L. coronata, when considered with the two identical counts for L. mexicana (the specimen reported in Lewis et al., 1958, as L. lineata is actually L. mexicana), suggest that Tackholm' s ( 1914) report of eleven pairs for L. coronata might have been in error.
Oenothera: Anogra. In this subgenus chromosome studies at meiosis have been made for all but two of the nine species treated in the revision by Munz ( 1931) . Five of these species are diploid, and for two others, Oe. californica and Oe. nuttallii, both diploid and tetraploid forms are known.
The tetraploids of Oe. californica which have been reported thus far (Lewis et al., 1958; Snow, 1959) were located in the coastal ranges of southern California. The diploid material which has been attributed to this same species centers in the Great Basin region. The maximum associations in the tetraploids reported here are four associations of four and a chain of three. Lewis et al. (1958) reported a maximum association of two rings or chains of eight and two of four chromosomes. Plants from the Great Basin region were commonly found to possess small rings, and individuals which were structurally homozygous, or heterozygous for a single translocation, were found in the same colony.
The diploid material of Oe. nuttallii was obtained from a single collection made in the Rocky Mountains of Colorado near the Green Mountain Dam. It was found to be heterozygous for a single translocation. The tetraploid material was from the plains and foothills just east of the Rocky Mountains near Laramie, Wyoming. The maximum meiotic association in the tetraploid was a chain of eight and three associations of four.
All of the entities presently included in the Oe. deltoides species complex have been counted at least once. Most of the material is structurally homozygous but where quite a number of individuals were examined it has usually been possible to find a few plants which are heterozygous for at least one translocation. The highest number of translocations encountered was in the variety arizonica which had two associations of four.
The other species of the subgenus so far observed are either seven paired or heterozygous for a single translocation, with one notable exception, Oe. pallida. In material from Zion Canyon National Park, an area in which three of the species in the subgenus are closely associated (Oe. californica [Great Basin], Oe. runcinata and Oe. pallida), chromosome associations of intermediate size have been found. Other material which has been collected from this region has been found to be somewhat intermediate morphologically and has been variously assigned to the three species mentioned above and also to a fourth, Oe. trichocalyx. A collection of Oe. pallida from northeastern Nevada had a ring of six and one of four.
In summary it can be said that this subgenus consists primarily of diploid individuals PLATE 1. Camera Iucida drawings of chromosomes during meiosis in species of Gaura and Stenosiphon. Figures 1, 2 , 4, 6, 8, and 11, diakinesis; figures 3, 5, 7, 9 , and 10, first metaphase. 1. Gaur a lindeheimeri, one pair and two rings of six. 2. Gaura brachycarpa, five pairs and a ring of four. 3. Gaura parviflora, seven pairs. 4. Gaura gracilis, five pairs and a ring of four. 5. Gaura suffulta var. terre/lensis, seven pairs. 6. Gaur a villosa var. arenicola, five pairs and a ring of four. 7. Gaur a macrocarpa, seven pairs. 8. Gaura sinuata, two pairs, a ring of six, and a ring of four. 9. Gaura coccinea var. epilobioides, 42 chromosomes, associations not determinable. 10. Gaura coccinea, 28 chromosomes, associations not completely determinable, plus three supernumerary chromosomes. 11. Stenosiphon linifolium, three pairs and two rings of four. All drawings X 1600. 
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PLATE 2. Camera Iucida drawings of chromosomes during meiosis in species of Ludwigia and Jussiaea. 
ALISO [VoL. 4, No. 3 which are structurally homozygous but with single translocations occasionally found in the colonies. The only exception to this is Oe. pallida in which associations of intermediate size occur. Two of the species have tetraploid representatives which because of their chromosome associations at meiosis (see Hecht, 1942; Lewis eta!., 1958, and Snow, 1959) and also because of their morphological similarity to a diploid strongly suggest that they are autotetraploids. Oenothera: Calylophis. The meiotic investigations given here indicate that Oe. serrulata is a diploid with rings of intermediate size. This is consistent with the reports of Lewis eta!. (1958) and Linder and Brun (1957) .
Oenothera: Hartmannia. Reports for this subgenus so far include two species with complete rings of fourteen and one species with polyploidy (Hagen, 1950) . One of the species reported here, Oe. deserticola, was structurally homo.::ygous. Three gametic numbers, 7, 14 and 21, have now been reported for Oe. speciosa, including the hexaploid given in this paper. From the investigations to date, the typical variety is composed of diploids having from seven pairs to two rings of four and three pairs. The variety childsii has been studied by Hagen (1950) who reports a 2n number ranging from 28 to 35 chromosomes, apparently in different individuals. The two plants of this variety reported here are tetraploid and hexaploid. Because there is a hexaploid in the species, geographically very close to the tetraploid, Hagen's plant with 35 chromosomes was probably a pentaploid hybrid between the tetraploid and hexaploid and the plants with numbers between 20 and 35 may have been progeny of this hybrid.
Oenothera: Kneiffia. Two diploids are reported here, one, Oe. spachiana, with small chromosomes compared to the other Oenotheras studied (see plate 4). Both Oe. fruticosa and Oe. tetragona are polyploid; the first including a tetraploid and an octoploid reported by Hecht ( 1942) , and the second including a tetraploid and a hexaploid. Hagen ( 1950) studied a tetraploid collection in which he found configurations of from 14 pairs to seven rings of four, and he suggests that " ... this strain was derived from a structurally homozygous diploid." The tetraploids given in this paper could not be analyzed, but the hexaploid showed two associations of six plus five associations of four.
Oenothera: Lavauxia. This subgenus has at least one species with a ring of fourteen and four with very little translocation heterozygosity (Hagen, 1950) . The species reported here is intermediate in this respect with a ring of four and a ring of six.
Oenothera: Raimannia. A detailed study of fourteen of the nineteen species of this subgenus was made by Hecht (1950) . The observations included here consider two additional species and a few of the species which he studied. In one species not investigated by Hecht ( 1950) , Oe. coronopifolia, there are both diploid and tetraploid representatives. The tetraploid plant had a chain of eight chromosomes, four rings of four and two pairs.
Another species not reported by Hecht (1950) is Oe. humifusa. In the plant studied here it was not possible to get an exact analysis but there was one large ring, probably of twelve chromosomes, but possibly of fourteen. This would be typical of many of the other species reported by Hecht.
The counts given here for Oe. laciniata also corroborate Hecht's analysis of this group, PLATE 4. Camera Iucida drawings of chromosomes during meiosis in species of Oenothera. Figures 1-8 
SUMMARY AND CONCLUSIONS
A study of the meiotic chromosomes of six genera, Gaura, Jussiaea, Ludwigia, Lopezia, Oenothera and Stenosiphon, of the Onagraceae is reported here. The findings of this study and similar studies in these or closely related genera allow some interesting comparisons and point out areas in which additional work is needed.
The basic chromosome number was found to be the same for all of the species of each genus, but differed between some of the genera. Three basic numbers were found in the genera reported here. Gaura, Oenothera and Stenosiphon are all based upon the number seven and appear to be quite closely related to each other. Jussiaea and Ludwigia have a basic number of eight and have been suggested by other authors (Brenan, 1953; Hara, 195 3) to be congeneric, a suggestion to which the evidence presented here lends support. It now appears that Lopezia has a basic number of 10.
Observations have been made of supernumerary chromosomes in four tetraploid plants of Gaura coccinca. These were found to resemble most closely those reported by Cleland (1951) .
Polyploidy has been found in four of the six genera reported here and appears to be an important factor in the evolution of most genera in the family. Lopezia and Stenosiphon are the only genera reported here which did not have polyploid species. The highest level of polyploidy was a dodecaploid, Jussiaea peruviana. Polyploidy in Oenothera appears to be most advanced in the subgenus Kneiffia in which there are two species with no known diploid representatives and one of these is reported (Hecht, 1942) to have an octoploid level. Hexaploids were found in Gaura, Ludwigia and Oenothera. Tetraploids are known in all four of the genera reported here to be polyploids.
It appears that polyploid species in the family may have originated in two ways. In the polyploid species of Oenothera, subgenera Hartmannia, Kneiffia, Anogra and Raimannia, and also in the genus Gaura, the meiotic configurations strongly suggest them to be of autoploid origin (Lewis et al., 1958; Snow, 1959) . This was strengthened further by the work of Hecht (1942) when he treated a diploid Oe. rhombipetala having a ring of four and five pairs with colchicine and obtained tetraploids with an association of eight chromosomes, some quadrivalents and a few bivalents. Such multivalent associations were common in all of the polyploid species which were examined here and by other workers who have reported observations in the above mentioned groups. In some of the higher polyploid levels, however, such as in Oe. speciosa var. childsii (Hagen, 1950) and in Oe. fruticosa and in Gaura coccinea the pattern may be complicated further by some hybridization resulting in an autoallopolyploid. In all of these, however, there is a high degree of multivalent association.
The polyploid species of Oenothera, subgenera Spaerostigma and Eulobus, have been found (Lewis et al., 1958) to have meiotic configurations composed of bivalents such as would be expected if they had originated through hybridization and were therefore allopolyploids. Polyploid species which exhibit the allopolyploid pairing are more common in the family and scattered through several genera including: Gayophytum, Epilobium, Boisduvalia, Clarkia, and Jussiaea (Lewis et al., 1958) .
It has been suggested by Dr. Munz (oral comm.) that the subgenera of Oeonthera which exhibit the autoploid type of origin may be distinguished from those which are of the allo-ploid type on morphological grounds. The autoploid subgenera have four-lobed stigmas and the others have stigmas of the sphaerical type. Polyploids have not yet been reported for the subgenera Calylophis and Salpingia which have stigmas of the discoid type. Additional morphological studies are now needed in the various polyploids in conjunction with geographical, ecological and chromosome studies in order to delimit the true biological species in these complexes.
